ABSTRACT Expansion in bioethanol production has resulted in distillers dried grains with solubles (DDGS) being readily available as a major protein source in the poultry industry. Two experiments were conducted to investigate effects of wheat DDGS (wDDGS) and enzyme on nutrient digestibility and performance of turkey hen poults (7 to 21 d). Two starter diets (0 or 30% wDDGS) were formulated to meet or exceed the nutrient requirements for Hybrid Converter female turkeys. These diets were then mixed in different proportions to obtain 2 additional wDDGS inclusion levels (10 and 20%). In Experiment 1, 0 and 30% wDDGS diets were each subdivided into 3 portions and supplemented with no enzyme (E−), protease (P+; 0.125 g/kg) or β-mannanase (M+; 0.5 g/kg). A total of 144, 7-day-old poults were randomly distributed in groups of 4 in 6 replicate cages per treatment. There were no significant main effects or interactions on feed intake from 7 to 21 d. However, a positive (P < 0.05) effect of 30% wDDGS was shown for weight gain and gain:feed. A significant interaction on nitrogen retention (NR) was found between enzymes and wDDGS level. There were significant main effects and interactions on the AME of the diets. The AME was higher (P < 0.05) for 30% compared to 0% wDDGS. Supplementation of P+ decreased (P < 0.05) AME for 0% diets as compared to 30% diets and vice versa for M+. In Experiment 2, 7-day-old poults (4 birds per 6 replications per treatment) were fed 4 levels of wDDGS (0, 10, 20, and 30%) with no enzyme. A linear (P < 0.01) response was found for gain:feed with 30% wDDGS having a better response. Quadratic (P < 0.01) responses were also found for NR and AME; both were highest for 10% wDDGS diets. In summary, no beneficial effects of P+ or M+ were demonstrated in diets containing 30% wDDGS. Wheat DDGS is a valuable energy source and as high as 30% can be incorporated in turkey hen poults (7 to 21 d) diets.
INTRODUCTION
Distillers dried grains with solubles (DDGS) are coproducts produced by fermentation of starch from cereals for ethanol production (Pahm et al., 2008; Cozannet et al., 2011) . Distillers dried grains with solubles are predominantly used in ruminant diets due to high fiber content (Westreicher-Kristen et al., 2012) . Fiber levels are one of the concerns with respect to use of DDGS in poultry diets due to the dilution of the diet and potential antinutritive factors (Emiol et al., 2009 ). However, DDGS contain high levels of amino acids and reasonable levels of energy (Nyachoti et al., 2005; Kluth and Rodehutscord, 2010; Abdel-Raheem et al., 2011) , and therefore have potential as a feedstuff for poultry and other non-ruminants (Bolarinwa and Adeola, 2012 ).
The bioethanol industry utilizes different sources of cereal grains for ethanol production. In Western Canada and Europe wheat is the major cereal grain used for ethanol production (Cozannet et al., 2010) , whereas corn is predominant in the United States (Fastinger et al., 2006) . There is some research on the use of wDDGS in chicken diets (Nyachoti et al., 2005; (Thacker and Widyaratne, 2006; Bolarinwa and Adeola, 2012 ), but little reference on the use of wDDGS in turkey diets. In general, these studies have shown that wDDGS has low energy compared to other major cereals (e.g., wheat or corn), but that performance was not negatively affected when alternative sources of energy were added. Low energy in DDGS is due to the conversion of the starch to alcohol in the ethanol production process and increasingly the pre-harvesting of oil, particularly with corn as a substrate for biodiesel production.
Although wheat DDGS contain a high level of protein, there are concerns about the level and digestibility of amino acids, most especially lysine (Cozannet et al., 2010; Bolarinwa and Adeola, 2012) . Research has shown that by keeping the energy level constant, levels as high as 25% can be incorporated into poultry diets without detrimental effects (Waldroup et al., 1981) . Nonetheless, DDGS was traditionally held at about 5% inclusion levels in commercial poultry diets (Lumpkins et al., 2004) . Although higher inclusions of DDGS have been investigated in pig diets over the years (Emiol et al., 2009 ), inclusion of DDGS as high as 30% have not been investigated in poultry diets. In the present study, it was also expected that higher levels of wDDGS would facilitate the evaluation of enzymes to improve nutrient availability (Bolarinwa and Adeola, 2012) .
Since DDGS contain approximately 6% yeast biomass, which is rich in mannan, there may be antinutritional effects associated with mannans (Radfar et al., 2013) . Enzymes can affect the nutritional quality DDGS (Omogbenigun et al., 2004; Nyachoti et al., 2006; Emiol et al., 2009 ). However, the enzymes used in these studies differ from the current study. Generally, proteases hydrolyze bonds within the complex protein structure (Barletta, 2012; Isaksen et al., 2012) and produce peptides and/or amino acids. Exogenous protease is seldom fed in isolation, but rather in combination with other carbohydrase enzymes (Cowieson and Adeola, 2005) ; hence, little is known about specific protease supplementation (Isaksen et al., 2012; Barekatain et al., 2013) to co-products such as DDGS. Supplementation of enzymes (e.g., proteases or β-mannanase) to low quality feed ingredients such as wDDGS, may improve their nutritional value for poultry. The objective of the current research was to determine the effect of increasing levels of wDDGS, and protease and β-mannanase supplementation on nutrient availability and performance of turkey hen poults.
MATERIALS AND METHODS
All experimental protocols and procedures were approved by the Animal Care Committee (animal use protocol no. 19940248) of the University of Saskatchewan and care of the birds was in accordance with the recommendations of the Canadian Council of Animal Care (2009).
Diets Formulation and Assay Diets
The wDDGS used in the current study was obtained from a local ethanol processing plant (Husky Lloydminster, Saskatchewan, Canada). Two basal diets containing 0 or 30% wDDGS (Table 1) were formulated based on total amino acids, to meet or exceed the nutrient requirements of Hybrid Converter turkey starter diets (http://www.hybridturkeys.com/hybrid-resources/ nutritional-guidelines). Both diets were mash and were formulated to be isonitrogenous (28% CP) and isocaloric (2,760 kcal ME/kg). Celite was added to the diet as source of acid insoluble ash as a digesta marker. The final test diets were mixed at the In Experiment 1, diets were fed as is or supplemented with either protease (0.125 g/kg) or β-mannanase (0.5 g/kg). In Experiment 2, the 2 diets were blended to provide 0, 10, 20, and 30% wheat DDGS (wDDGS 1 ) inclusion levels (no enzymes were fed in these diets).
1 wDDGS = Wheat distillers dried grains with solubles. 2 A combination of porcine meal and soy bean meal; ME, 3006 kcal/kg; Protein, 51.6%; fat, 10.9%; fiber, 3.86%; calcium, 4.40%; phosphorus, 2.42; potassium, 1.53; sodium, 0.30; arginine, 7.37%; histidine, 2.31%; isoleucine, 4.00%; leucine, 7.42%; lysine, 5.98%; methionine, 1.52%; phenylalanine, 4.33%; threonine, 3.78%; tyrosine, 1.06%; valine, 5.02%.
3 Supplied per g or kg of diet: iron, 120 mg/kg; zinc, 117 mg/kg; manganese, 110 mg/kg; copper, 22 mg/kg; iodine, 1.5 mg/kg; selenium, 0.3 mg/kg. University of Saskatchewan (Saskatchewan, Canada) feed mixing facility. Poults had free access to a commercial wheat-soybean turkey starter diet (crumble; Co-op Feeds, Saskatoon) providing 28.5% CP, 2,780 kcal ME/kg, 0.77% methionine, 1.84% lysine, 1.65% calcium, and 1.18% total phosphorus until 7 d of age. Experiment 1. The 0% and 30% wDDGS based diets were partitioned into 3 portions and then supplemented with no-enzyme (E−), protease (P+; 0.125 g/kg) or β-mannanase (M+; 0.5 g/kg). The activity levels of the enzymes were 1.10 U/g of protease and 800,000 U/kg of β-mannanase. The enzymes were supplied by Jefo Nutrition Inc. (St-Hyacinthe, Québec, Canada). The 6 diets tested in Experiment 1 were 0% wDDGS (E−, P+ or M+) and 30% wDDGS (E−, P+ or M+).
Experiment 2. The 2 basal diets (0 and 30% wD-DGS) were proportionally mixed to obtain 4 different inclusion levels (0, 10, 20, and 30% wDDGS); no enzymes were used in these diets.
Experimental Birds and Management
A total of 192 day-old Hybrid Converter turkey hens (Lilydale Hatchery, Edmonton, Alberta) were placed in battery cages at the University of Saskatchewan Poultry Centre. Birds were maintained in groups of 12 per cage for the first 7 d. On d 7, birds were wing banded and individually weighed and assigned to respective treatment groups in a completely randomized design. Turkey poults were provided free access to feed and water. Room brooding temperature was 32
• C at 0 d and was then gradually reduced to 23
• C at 21 d. Birds had 18 h of light and 6 h of dark with a light intensity of 10 to 20 lux. Experiment 1. In Experiment 1, four poults (7 d of age) were randomly allocated to each of 36 battery cages measuring 29.2 cm (height) × 48.3 cm (depth) × 83.8 cm (width) and providing 1,010 cm 2 /bird. Cage served as a replicate and there were 6 replicates per treatment. Cages were randomly assigned to 1 of 6 dietary treatments [0% wDDGS (E−, P+, or M+), 30% wDDGS (E−, P+, or M+)] from 7 to 21 d.
Body weight (BW) was recorded on d 7, 14, and 21, as was feed intake (FI) for corresponding periods of time. Feed efficiency (gain:feed) was calculated. For AME and nitrogen retention (NR) determination, excreta were collected 4 times between 19 and 21 d with plastic sheets laid on trays under the battery cages. Clean (free of feathers and feed) excreta samples were frozen (−20
• C) until analyzed. At the end of the trial (21 d) all 4 birds in each replicate cage were humanely killed by cervical dislocation and their digestive tract (gut) segments were removed. The weights of empty fat-free gizzard (i.e., fat removed around the gizzard) and proventriculus, and the lengths of the duodenum (intestinal segment directly associated with pancreas), jejunum (from distal duodenal loop to Meckel's diverticulum), ileum (Meckel's diverticulum to ileal-cecal junction); and total ceca were recorded. All weight and length measurements of the gut segments were expressed relative (%) to the body weight of the individual bird.
Experiment 2. In Experiment 2, 7-day-old turkey poults were randomly allocated to 24 battery cages as described in Experiment 1 (i.e., 4 birds per cage). Poults were assigned to 4 different dietary treatments (0, 10, 20, and 30% wDDGS), with 4 birds per cage and 6 replicates per treatment. Performance and gut segment measurements made in Experiment 2 were the same as in Experiment 1.
Chemical Analysis
The excreta samples collected in Experiments 1 and 2 were oven dried for 72 h at 55
• C for moisture determination. After drying, samples from each replicate were pooled together for analysis. Both diet and excreta was ground using a Retsch grinder with a 1.0-mm screen (ZM-100, Rheinische Strasse 36 D-42781 Haan, Germany). All analyses were done in duplicate. Dry matter was determined by drying in a forced-air oven at 135
• C for 2 h (AOAC 15 th ed., 1990). Crude protein (N × 6.25) was determined using a Leco analyzer (Model FP-528L, Leco Corp., St. Joseph, MI, USA) using EDTA as a standard, according to the procedure described in AOAC (1995). Gross energy was determined by adiabatic oxygen bomb calorimeter (PARR, 1281, Moline, IL, USA), using benzoic acid as a standard. Celite 585 (Acros Organic, Fisher Scientific, 112 Colonnade Road Ottawa, Ontario K2E 7L6), an acid insoluble ash marker (AIA), was analyzed using a modified procedure from Vogtmann et al. (1975) . To measure AIA, 1 to 2 g of samples was weighed into 16 × 125-mm glass tubes (VWR North America, West Chester, PA, USA). The tubes were heated at 500
• C for 24 h. The ash samples were then mixed with 5 mL of 4 N HCl and then oven heated for 1 h at 120
• C. Samples were then centrifuged at 3,210 g for 10 min. The supernatants were carefully removed using a vacuum siphon and samples washed twice with 5 mL water and then dried at 80
• C overnight. These dried samples were further kilned at 500
• C overnight.
Calculations
Calculation of AME and NR were based on those used by Scott and Hall (1998) . The formulas used for the calculation are below. AME (kcal/kg of diet)
Statistical Analysis
In Experiment 1, the data were analyzed as a 2 × 3 factorial arrangement using Proc GLM (General Linear Model) of SAS version 9.2 (SAS Institute Inc, 1996). There were 2 levels of wDDGS (0 or 30%) and 3 enzyme [none (E−), protease (P+) and β-mannanase (M+)] treatments. Differences were considered statistically significant when P ≤ 0.05. Duncan's multiple range test was used for mean separation when the statistical analysis was significant. In Experiment 2, the different inclusion levels (0, 10, 20, and 30%) were used to demonstrate the effect of increasing levels of wDDGS in the starter diets of turkey hens. Regression analysis [ProcReg and RSReg of SAS 9.2 (SAS Institute Inc, 1996)] was used to measure linear and quadratic responses. Data were considered significant when P ≤ 0.05.
RESULTS
The chemical composition of the wDDGS used in the diet formulation was 35.9% CP, 93.3% DM, 4.57% fat, and 7.22% crude fiber. Analyzed nutrient compositions of the respective dietary treatments are shown in Table 2. There was no mortality recorded during either experiment.
Experiment 1
The means for weight gains (7 to 21 d), FI (7 to 21 d) and gain:feed (7 to 21 d) are presented in Table 3 . There were no differences in 7 d BW (149 ± 4.0 g) between treatment groups at the start of the trial. Weight gain (7 to 21 d) was significantly higher for poults fed diets with 30% wDDGS, but enzyme treatment had no effect. There were no treatment effects on FI. Poults fed 30% wDDGS had a better gain:feed than those fed 0% wDDGS, whereas no differences were found due to enzyme treatment.
Nitrogen retention was not influenced by level of wD-DGS or enzyme treatment (Table 4) , but there was a significant interaction between them (Table 4) . Nitrogen retention for birds fed 0% wDDGS was higher for the β-mannanase treatment than for either the unsupplemented or protease treatments. Whereas, with 30% wDDGS, NR for the β-mannanase treatment was lower than the unsupplemented and protease treatments. The AME of the 30% wDDGS treatment was higher than for the 0% wDDGS inclusion level. There was the tendency (P = 0.09) for β-mannanase supplementation to improve AME as compared to no enzyme and protease treatments.
An interaction was found between enzyme use and level of wDDGS on the AME of diets (Table 4) . With 0% wDDGS, both protease and β-mannanase Table 4 . Experiment 1. The effects of wheat distillers dried grains with solubles (0 or 30% wDDGS) with and without protease (0.125 g/kg) or β-mannanase (0.5 g/kg) on nitrogen retention and apparent metabolizable energy of turkey hen poults.
Item
Nitrogen retention (%) AME (kcal/kg) treatments increased AME. The improvement was greater for β-mannanase than for protease. Whereas, at 30% wDDGS, the AME value for the protease treatment was equal to the unsupplemented treatment and the β-mannanase value was lower than the other two 30% diets. There were no main or interaction effects for relative measurements of gut segments (data not shown). The main effect of level of wDDGS inclusion on ileal length, however, tended to be higher (4.8%; P = 0.06) for the 0% inclusion than the 30%.
Experiment 2
The effects of inclusion level of wDDGS (no enzyme) on weight gains, FI and gain:feed are shown in Table 5 . There was no effect of wDDGS inclusion level on weight gains and FI (7 to 21 d). There was a significant linear increase (P < 0.05) with increasing levels of wDDGS in the diet on gain:feed (7 to 21 d), with 30% inclusion having a better gain:feed. The relationships between wDDGS inclusion level and NR and AME are summarized in Table 6 . Both linear and quadratic relationships (P < 0.01) were found for NR with the highest NR occurring with 10% and the lowest with 0% wDDGS inclusion. Linear and quadratic relationships were also found for AME, with the lowest and highest values for the 0 and 10% inclusion levels, respectively. Overall both NR and AME values for the 10, 20, and 30% inclusion were higher (approximately 11 and 8%, respectively for NR and AME) than the 0% inclusion.
There was no effect of wDDGS inclusion level on the relative length of duodenum, jejunum, ileum, or caeca (data not shown). However, a quadratic response was found between inclusion level of wDDGS and relative proventriculus weight; the highest was for 10% inclusion level. There was also the tendency for inclusion levels of wDDGS to affect relative gizzard weight in a quadratic fashion; in this instance 20% wDDGS inclusion resulted in the highest value.
DISCUSSION
The objective was to determine the nutrient digestibility and the performance of turkey hen poults fed wDDGS with and/or without protease or β-mannanase. If enzymes can increase the value of wDDGS by improving the availability and nutrient consistency, then using higher levels, such as 30%, may assist in demonstrating this effect. Yoon et al. (2011) reported that mannan can negatively affect growth performance of animals. The use β-mannanase has improved performance of animals fed soybean-based diets (Odetallah et al., 2002; Pettey et al., 2002; Jackson et al., 2008; Mehri et al., 2010) . However, there are no studies that have evaluated the effect β-mannanase use in wDDGS-based diets. In the present study, no effect of β-mannanase was noted in diets with 0 or 30% wDDGS. Vahjen et al. (2005) similarly reported no improvement in performance when a combination of β-mannanase and galactanase was supplemented in a soybean-based diet. However, Jackson et al. (2008) reported an improvement in feed efficiency when DDGS supplemented with β-mannanase was fed to turkeys. Other researchers have also shown a significant improvement in broilers fed a corn-soybean meal diet supplemented with β-mannanase, protease, or a combination of protease and xylanase (Kong et al., 2011; Kalmendal and Tauson, 2012) .
From a practical perspective, the efficacy of enzymes can be demonstrated when supplemented in diets containing low digestible ingredients compared to highly digestible ingredients (Bedford, 2000) . Soybean meal, which is a highly digestible ingredient, was at a higher rate in the 0% wDDGS as compared to the 30% wD-DGS. This may explain why protease was not effective in the 0% wDDGS on performance, but not why it was ineffective in diets containing 30% wDDGS. Therefore, the hypothesis that enzymes could improve the nutritive value of low digestible ingredient such as wD-DGS at 30% inclusion failed in the current experiment and requires further investigation and an evaluation of variability between sources of wDDGS and enzymes.
Abdel-Raheem et al. (2011) reported negative effects on broiler performance when DDGS (wheat-corn) was fed at increasing levels (0, 6, and 12%). Although feed intake from 7 to 21 d was not affected by treatment in Experiment 1, there was an improvement in gain:feed for birds fed 30% wDDGS. This may be due to the 30% wDDGS diet containing higher energy, which was found to be the case (Table 5) . However, the differences in results could be attributed to the digestive efficiency for fiber by different avian species. It was reported by Duke (1996) that turkeys, compared to other avian species, have a higher capacity to digest fibrous feed ingredients. Further work is also required to understand the impact of ethanol production on the physicochemical properties of fiber in grain and how this impacts commercial poultry.
In Experiment 2, all levels of dietary wDDGS (10, 20, and 30%) showed an improvement in gain:feed compared to 0% inclusion, but other performance indices were not affected. Wang et al. (2007) found no negative impact of feeding 20% corn DDGS to broilers, but at 25% inclusion, there was higher FI. Linneen et al. (2008) however, reported decreased performance when 20% corn DDGS was included in pig diets.
Improvements in nutrient digestibility are usually related to the decrease in the fiber content of a diet (Thacker et al., 2013) . One major limitation of DDGS is its high dietary fiber causing a reduction in nutrient digestibility (Spiehs et al., 2002; Thacker and Widyaratne, 2007; Jimenez-Moreno et al., 2009) due to its physiochemical properties, leading to nutrient dilution, which can either decrease the passage rate in the upper digestive tract (Hetland et al., 2005) or increase passage rate in the lower digestive tract, limiting enzymatic activities and compromising the absorption of nutrients. Another concern that limits inclusion of DDGS as a feed ingredient is the high variability of nutrient inherent in various DDGS sources (Liu, 2012) . As a consequence, nutritionists will maintain a higher margin of error in using these ingredients. This process can lead to imbalances in the diet. The higher inclusion of fat to the 30% inclusion might have resulted in an increase energy compared to the 0% inclusion that was formulated with ingredients containing less energy than anticipated. There is also a possibility of higher level of available energy (i.e., nonfermented starch) in the particular source of wDDGS fed in the present study.
There are other sources of variability in production of DDGS, including cereal type, cereal processing before fermentation (i.e., removal of oil from corn), fermentation method, processing conditions of DDGS (e.g., temperature and time), and amount of solubles returned to the DDGS (Spiehs et al., 2002; Fastinger et al., 2006; Martinez-Amezcua, 2007; Pahm et al., 2008; Abdel-Raheem et al., 2011; Bolarinwa and Adeola, 2012) . Based on this, there may have been higher levels of starch or sugars in the sample of wDDGS used in the present study. Unfortunately, starch level and processing conditions of the wDDGS are not available in the current experiment and cannot be used to explain the research results such as the improvement in AME for 30% wDDGS in Experiments 1 or 2.
A quadratic response in AME as level of wDDGS increased was found in Experiment 2 with the highest value at 10% inclusion. This would suggest that at higher levels of inclusion the birds were not able to retain energy or nitrogen as well. The results in the current experiment is in agreement with Bolarinwa and Adeola (2012) who showed a decrease in energy digestibility as levels of wDDGS increased in broiler chickens.
Although performance was not affected with wDDGS inclusion, Emiol et al. (2009) showed significantly better performance for pigs fed diets supplemented with a carbohydrase enzyme source that supplied 2200 U of xylanase, 1100 U of β-glucanase and 1200 U of cellulase. A lack of enzyme response in the present study may relate to an inappropriate choice of enzyme suitable for the types of substrate in the diet (Emiol et al., 2009 ).
An improvement in total tract digestibility of energy and nitrogen was seen in a corn-soybean diet supplemented with β-mannanase (Zou et al., 2006; Kong et al., 2011) . Kong et al. (2011) reported a tendency (P = 0.06) toward improved nitrogen utilization with β-mannanase supplementation. Yoon et al. (2011) , on the other hand, showed a significant increase in apparent total tract digestibility of CP when β-mannanase was supplemented in a corn DDGS diet fed to pigs. Additionally, a positive response to β-mannanase and protease may be dose dependent; and inclusion levels may have not been high enough in the present study. Enzymes were added at recommended levels (β-mannanase was added at 0.05 g/kg and protease at 0.125 g/kg) to both the 0 and 30% wDDGS diets.
The significant interaction in digestibility was not reflected in performance, which requires further investigation. The interaction in digestibility may relate to different levels of mannan in the 2 diets due to differences in soybean inclusion or to mannans from yeast cell wall fractions in DDGS. Mannan is a major NSP in soybean (1.3 to 1.6%; Jackson et al., 1999; Mehri et al., 2010) . The 0% wDDGS diets had higher levels of soybean as compared to 30% wDDGS diets; therefore, this may explain the higher response due to β-mannanase when included in 0% wDDGS diets. Further study is needed to explain the reason for the reduction in both NR and AME with β-mannanase supplementation in diets with 30% wDDGS.
Despite the higher inclusion of wDDGS in Experiment 1, and expected higher levels of fiber, there was no increase in gizzard weight. This could be related to particle size (finely ground particles) of the dietary treatment; however, particle size analysis was not done. Similar results in terms of gizzard weight were shown by Abdel-Raheem et al. (2011) , who recorded no difference in absolute gizzard weight of broilers fed graded levels of DDGS. The gizzard weight in Experiment 2 was higher at 20% and reduced at 30% inclusion. This could be due to the fact that, the process of fermentation has changed the physiological effect of fiber on the gut; hence the bird did not respond to increased fiber by increasing size of the gut segments. It may also be speculated that gut fill was a limiting factor and that poults were not able to adapt in the 7 to 21 d period. There was the possibility that, the increasing levels of wDDGS resulted in increased residence time of digesta in the upper gut and exposed to more complete acid and enzyme digestion. But because no differences were recorded in gut size and a decrease of nutrient digestibility at increasing levels, it is difficult to explain.
This research has indicated that wDDGS can be incorporated in a well-balanced diet for turkey starter without adversely affecting the growth performance. However, in terms of performance, the results failed to demonstrate any effect of protease or β-mannanase on either the 0 or 30% wDDGS diets. It could also be of interest to set up an experiment to investigate the use of an enzyme cocktail (i.e., with a wide range of activity) and their efficacy at various inclusion levels of wDDGS.
